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UMm mmiiS Bjmx 
UpTocik* <li9diasieal) 
lniiii); 2n9tltu%« of fe<^olog7s Kanpur 

FLEKHEiO. YIBEmct m STIFWmm CXBCIHiglt IXBSS \ 

7li« Resent inrastigation daals tiie laptXana 
fltocuraX Tfbratiaii of a dretilar ring vlth largo nmiber of 
oqpally opaeod raiiial supports* Thm proportx of tlio eyelle 
stnietiires that all ^o eluents are id^tieal sad tiio last 
spaa Is adjeeeat to the first span is nade use of* She sole 
rcstrietlim to this nethod is that the rihraticm Hioaoeena 
idioold he desorib^Nl hjr linear theorbo 

She prdblei of the ring on aanf snppcarts hare heea 
reduced to the analysis of an ecpiiralent ^gle spaa using ^le 
properties of olreulaat aatrix* In this war all the spans 
Yihrate identicalljr hut adjee^it spans em hare a phase diffe* 
renee* Mahiiig the radius of the ring infinite^ hut lceepLi% 
the spaa length ftnite* the ease of free rihzatioa of fhllf 
infinite heaa is arriired at* Qalerlcia's teeiml^ has heea 
used to solve the eqtiatloa of aotioa* 

V»«rioal results for the mtural ffeqpiasoies ia the 
ease of a stiffasod ring ui^ 10 & 20 supports havo heea 
ealoulatsd for iator - paael ihaso aaglos of 7\ » 27 t and 



Sftturiil frQqpi@msi@3 la the eeee ef m infinite 
hmm tiae lieiii hbteinedi for interepen iliase angle of TT ^ 

2 7T andi Hie resnlte haTo heeii ooopered ifiHi Hie 

existing ireliiee ang ^re foisig to be la 9mm% agreeaent* 
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SjtXJkB>S3Bil^ 

th 9 pmim of vtbt%um of a froo * riog i» vmotm^ 
»r&A in mm mmd^slm of mm fro^a«rMio« of nbrmttm rmlmm 
iL$M 9 of ^walar fraao* in** fotatiiig oloefexle * *taolitzio«t 
l»Mliii«i i^r«f m3upm3t%t% »tm!efeitro* ole* IZI lii»*o o**#* *f» 
i4oe2i»«d; lo e eitoular riJ^ mAmt yue eosoopliOB mm% mm 
mmmm • MotiooeZ giiM®»laB* of lh« ero ewiZl ia mmwttmm 
viHi mm wmMmm of ill e«ilr» iiao mm is to e Hiis eiveiiler 
Hm* ^ cross -* m@mm hmm m axis of aynsolrar 

silmM in lim filans of mm rii^* 

AaaJ^^s ris«s vAm mMmX ssipori iMStmmA * 
ri*«s) fSJits apiAicsIioB la aircsmft mM ais^le stmelms* 
fas WIMmmiA in mm fltaolais at m airerafl mm as iieslissi 
Is as s rtai m »sr mMMX wporls* mm of Hai son* ions 
m xtngs i^HZ a**# are m ffs* * ring* or oo rings s« a fss 
BiiA«r rsiiai sttp^oris* iSis ptmmmb worl Sssls sisiniy silii 
las sliilg’ of laiiaas naralioii of sivs^jor rings on Zsffs 
msdMP m€ sipillf mmmm& iHigial. aifporls* 
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l,a2 

Cl )• $m9Mg%t9d tstm (liotar) of 

tUia eHrauXAr ilr^* in t87t am m» fir»fe to get tarn 
aad nede faapea* Xie»fd Eagrleigii (a) tt^taSiied the resuXte 
atiwiiUl that the eld • wBpface of the flag had m exteneioD* 
liiater ea m$m inteitigetere fuH^ aii^aed ^e ribtw* 

%im of flage taldhig late aeoeunt the elTeete the aid « mastfmo 
exteiieieiSt i^taxr Saertie md defeaaatieci. <6 ) la 
19^2 aiialyeised the eete of thieh oireulir rlaga and Fedffiphefer 
if} eael^eed the hcn «• ItnM ft— rihtMm of nags la 
A detailed litemtare sitnref ea free • nage has heea doae hr 
Bae (a>» 

4s for the pnhlea of atiffeaed Hags elth Xaxie 
amO^er of iruttleaXIr ae vorlSt to ^e author*! taoiflidfet 

appears to hare he«i dose so far« Emm— the fisidaaeotaX wofli 
of Brofshes XiT^or (1713) oa the oassXese el4yitie strlag earrriag 
e^giiaXIr spieed pnm mssec (9) iditeli mm furlher eii^wided t>r 
JkMPd Bi^Xeidh (10» 11) ia order to geaeralise the ware propaga* 
tioa iheaooeaa suggested hr laraaXde diesomieeted pe^iOiast 
are of great laport«ee la eaalrsiai the rlhrattcsi fodhAeos of 
^Xie ai^ pealedio strosturea lilee stiffsaed rlags oa fisirlr 
Of efualir spaoed radiaX stu^forts* fhXIr or sesd.* 
iafSaite eoatdmsms hseas on wmm efsldistaBt mipportst salaX3r 
stiffened ^iladrioai sheXls ets* Crelie stmetures are those 


* Sodhers ia parsathesee refer to the Befereaees the ma& of 
the tisesis* 
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mm «aRf08«4 of idontioal oteooto oqtmllj fpaeod 

Isit 

ormasd % el 2 til% ufitH ^o last n oloraeot ad|aO«R% to 
first oXsssRt* 3^ai^ Ions (12) mm m iaportant OdotzHnilloii 
hf invostigatiog prctXos of oo@prosssr biados (ootootitUar 
a ^Ho fftroQttiro) fluttor tsidor Ui® assnoptioii limt osoii b3M« 
bad a fliiito iniEi^or of €®gtm of irmdm» Bs vas iblo to dboRf 
tbat tb® flattw an-ilc/sls of a eyeXl® stnaotar® of this ^nw 
ebaraotorisod br a Xirf® mmbmt of idwifeieal flattwJlng bladoo 
eotiM b® rodoood nitb no loss of geoofald^ $d»tsofwap to tbs 
analysis a ** 3 :lnsl© oquifalsiit bladUi** 

J«ii* miss CI3) ia bis papsf oo *vilii^ti@B of bms 
osi meuB^ mppfxetgF starts witb a diffansitial o^pation of aotiOB. 
izid ©boosts a solution iimioh satisfios tSm boisKlary oooditloiw# 
fbs ioluticsi girts a diffsrstiet ooaatioo i^idi is a roe^rrcneo 
rslatiaii bsttm tbrso adj^sot sui^ports. tbo solution of tbs 
dlffsrpios sfESation girts tbs rosolt that ^lo fro^pamios fall, 
in a iwriodioally spsood groiUMi that mm MWatsd by spsetrsl 
gaps of uidtbs Sfiial to approxtmtsly half tbs intsoral bstifstn 
tbs natural frogaansios of a sl^lo bsan on a s^pars tool 
froiiBsnor seals* Bitss pmps tsnd to unifbrn spsotaia as ^ 
malior of tsod to infbiitrt but lb# gaps ftnalOt iMbf 

a bpid * pass tfSaraotsor to tbs ontirs sptetrm* ^mm Worn* 
gation along an liif!|iiito» p^rtodtoally PUB’ortod boss is also 
diseiupod and tbs pbass and group rtloei'm.os aro oraliiatsd as 
fuaotions of irstjusnoy*. 

b*0* Stoamaa i%} bas analyssd ^ fluttisf problsa 
of stiffsBod oyHMrioal dboUs on assy radial aui^orts* tao*a 
Pflneipls that all lbs «rstts nods abapss of an n^bladsd aystss 
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cm he obtained in toms of n * alngle ^@<|iilTalent blades” lias 
hem extended to the ease of ecaitinuons or Infinite niiiiiiter of 
degree of freodoa sjrsteas (Apoeadix * 1>* Both XiSne and 
Stearaazi hare aade me of the r^tirrent ehai^teristlc of the 
OTOlie stmetwes analysed hy ind hare made use of an 
important itiysieal eonditlon timt the influence of the neigh<*> 
hoiirix^s spans heeomes less and less rith Increasing distance* 
fhis gires a trmmiAem simplification for cyclic and periodic 
configurations vlth fairly large ninher of supports* 

Stearman tahes the Bonnel*8 eyUndrieal ihell. e^tlon^ 
makes use of the redueticei procedure laid doim by lane and 
extended by himself to imcouple the efnations ai^ finally indi- 
cates Pi3y the method of solutions without firing any msBarical 
results* He replaces the operatim of solriitg the a - ^sa 
ralue i^cblems (thus obtained after uncoupling) by a ainlmisatlcii 
process with respect to an interpanel phase angle* 4 lustiflea- 
tlon for this minimisatian process is giren in (t2>* fhe results 
thus obtained are ralid when all panels of the criginal problem 
flutter at the same frequmey but in different modes and also 
different phase shifts hetmem differ«it panels^ as well as 
whan all i^els flutter in the same mode ihape but differ by a 
const»it phase shift betweoi differmst panels* The basic 
difference in the approaches of Miles and StearsmBi is that the 
former starts wilh the differmtial e^aatlcn of motion ihere as 
the later begins elth the int^al mode of equatich. 

The only available work up-to-^te on Vbe rlbratiaa 
of stiffaned rings in particular is of Hao and Sis^Uurarajlaa (B )« 
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Bin IMf mlf four mw^»* 

hm» ^ »<i!ulllbzliii mq^tlms for tli» iii|>laxMi 

ribratlon of m ring taidni liito aeeomit tiie offitet of rcnatofT 
inortio i^d dboar iti f oral 

^ + 2 — ^ to-i 

4 SQilllliiOll of ^ fc»» 

w(%t) « 11 (B) Ci*a) 

6 Pl.9 

«M »(©) *7“ « (1*3) 

is A03iiii«d wliom «r« soim ems%mtB to hm ovmlmtei lagr 
u«toi b<R»idax 7 eotidltiotio tad «r« tho a&m roots of Vtm 

plyiyttQM*i8UL 

1^ ♦ 2^ ♦ lt| I»^ 4- 1^ « 0 (1 A-) 

' 1^ sftttif^rliig th« iHum^u^ir eooditlimst tdo o^pMinafi 
giYoa BV oOkitoMiis olioro I is tUs miAsr atapofts* % sottiiig 
tlis deteroiisant of tbs oo^flolsitt iN^titz sipal to mmf it 
giros tbs sharsetoristls sqpaMoB for ^s s^pars of tbs frs* 
qfammfrn Hso sad Sitnisrsrsjaa bars saslgrssd rings uino fM 
supports QBir sad in doing so tbsf sad up iiitli s ^ i Mtnx 
sga&tioa* 2bs ordsr of tbs mtrix sqtmtioQ Sti tiiis astbod 
soass to bo sqpsX to iS 1 dV sad this soggssts tbs lifd.tstisiis 
of Ibis as^iod for Isfg s B* Bstursi fTs^pumeiss bars bssa 
osieiiXstsd sssatiiig tbst tbs nmss diffsrsass bstma tbs Bd|a» - 
esal i^Mis to bs sw3> to 'H' • 
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Milm* 

Sa tli« preswjt vork mi unal^s# tiui luplMMi * fl&tmtiX 
of « Hils oiPoular nxig on faii^Xar Ij^o ninivor of 
o^iali|P spdoodi rw&i«2. atipporto* Di# ocpotion of ■^i<iii i« talMii 
in lt« intogml farm and c}»i«rldJi*8 &pproxlmt« aol^od is mmA 
%& got tim natural of stiff^sd ring* His aisi3^is 

is sarpisd on for tos eonplsto soloticsi of a stiffmsd ni% 
ing mxf itmss angls botwm tlis two adjsesnt pansls sil^r 7T 
ar its Hitsgsr miltigls &r ottisi^M and fraipsiiolss mrs Ottaissd 
liotti for s^tlonary as vsU as trarsUing nods sSiapss* 

Hirtelisr^ tbs radiits of ttm ri^ lias bona sstsndsd to 
infinil^t tssidi^ ^s span lffi%^ finitsCtbat is^lcsoping 
finits) md tills bas girm tbs solations for IblS^r ^ Isfinits 
bim on sgpaUy spassd snpports* His frs^pmor Obtaifisd 
for tbs iafinits boon is eoiittrsd wite tbs rssuXts Obtalnsd br 
miss* Hiis asosrtaliisd tbs iraUditf of tbs snaljsis to ooitst* 
dondils sstsnt* 

fbs prsssnt noalrsis is i^Jsst to tl^ sols rsstris« 
tion that tbs UMoonsnon bs oatisfast^lsr dsseribsd bgr liiisar 
tbsorjr and tbna tbs prlnod^s of smmrpoafttm bolds* ISffsets 
of rotatoff insrtia and absar dsformtions bars not bsm talcsn 
into memssA to i^pliHr tbs simlsrsis* It has al^ bssn assiassi 
that tbs nii * ma^ma of tbs ring bas m oiramfmrmtM 
strain* 


CM&?sm 11 


wmwhmm eg mmwn 

Itm ^ i^dtioii iM tt9 iMU^sX » fmem foap a 

mm <li«iiiifiaml struetwe is sitiQ ss 

if(l) «.n.2 I ,|(q) ^ C2«l3 

JQ 

fliis is an intagrmi sqpation idantlfiM as fSradfeK^*s a^piilca 
of ssocmfi kind* 

for a singlo span hmm (skraigkk m cmrrod) wCl) is 
tks dailsailcn Cfamoal or at is tiis m»B per 

isait of ioogHi an^ k{i«ii> is tks dsflsettoo at 3. OPi to a suit 
oonosiitratst load m^Xl is Ibo fveqvrnm^m 

tbs PMW of a ojrolio stiffaosd ling ^ oosotiaii 
of iiotipi fpr ii^ 9pm oan bo srittoa in tbs foUoifit^ vsy tsklot 
into mmMrn tbs offsets of all, o^sr spps on tbs partioolar 
span laidpr oonsldmliett 

1^(1) «X1 ® 1ft [ ^ ^ Cf#3> 

li# 

s li|jl Co) 1 C«) s 

«••• ♦ Cifti) % (tt) t 

vliisra %Cl) m ladial dsfloetien at 1 of tbs i spaa* 

1 m fion * di laonsienalissd ctirviliiioar eoerdim^ 
uliirs tbs didTlsetieii is oenaLilsroi# 



ss A variable of integraticm and also ths cnrrl- 
linear coordinate giving ttie position of the 


imit force being applied. 

= Radial deflection of the panel at 1 due 
to a unit ccsieentrated load in the 3^^* panel 
at m . 

Urn Frequency. 

Equation (2.2) can be writtoi as follows in the matrix fora 


Wi(l) 


P’1 

»2(1) 



Hi 

S' 



■■■ 

mmm 

m m m 

►aA^q(m) 


♦ ♦♦ 

V** ^ 


La 

n 


h2<((l»a} lEggd^) 


♦ •* 


lcaid»m) l%i2<l*a) 


• . .k|2^d^) 


m mm mm* 


m m m • e « 


# * • • ♦ « 


• • .tjujCljiB) 







w^(a) 


mmm 

4 

mmm 


mmm 


mmm 


da 


- (2.3) 


and in the notational fora this can be vritten as 
>2 


»(x) j kCi^) V(«) a. 


i2.h) 
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1| It It r? eXM@iitt 

tuns 

& ir It a etlma aatux of a 

mm 

flui luifctgi^feiQa owup ta® tatuNi tp® ittari^i !•«* a i«M» 

ftott 0 ta 1* 

mare a® i^c^aii® a ®tiff®ii®d ♦ tliaf of 
tpiat it a eyelio tfetaetiir®* <?fel4e ttnaetiar®® ar« tSsowi 
msm emposm of *n* MonUeal ®i«a«nt» aiptlUr tpataA armaA 
a altii ^ latt ®r a^* altoiiit Mag ai|®e«at t® ^i® 

first 4t ptsli til® aatnx a tiwat ©at t® t® a airott- 

iaat aatflx taa ^ot it hat oair a is^loKiiai 

'fa® iatrtJi a a®iiig a eiPifiiiaat attri* ©aa li® rt^asM 
to a fwa^ttgr a eolltooatofy tawiitf<»aatl<ii 

C AppmMx, «► X )# Mae® a aaA a* ar® ratatoi tsr a o oll i i^ t* 
tiay transfaHSiti^xif ta® idMi«9 yalswf® of a aaA a* ®r® taaati** 
nn i ^ wm a* it a diagcsiaX matrix^ a«i©® ta® oigea valatt tr® 
gittii tir ta® a a^tioa®* 

|a^| (paOtitSf* . ♦ • .ta-t) 

fituft® tiM Sat«prai ptfei®® ropmoatoa l»r ®^tiOB 

C2^) Ota a® trwi®fflaptti4 ta* orittsa ia to f«*®i 

• ® I ^i • I ^ V®2** * • 

• (2*i> 

oaof® 

itft -itfi i*<^i 


CR®f ♦ A^^bo aOix X ) 
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^ 1*1 

tislB that th« v±hm%im tha 1 * 

«^it aslmlly ooliTaspaMa to th® aolutios in ntdcii 
tha orlglmi aihfatlois pr^bXaa is solirsd for m% si«si «htii 
this spill is i«ia«r a irsry spseial fom of ii^nsiies trm ail 
othar spahst nasisXy all other sp-sis oseillate wltli the saas 
spKR aois and the suae itiase ^ft affigie ^ Cfst iin<le>» 
hetwe^ ai|ao«at panels* fhe opemtioii of solriiti 
the n mine pretlsns C2*6) &m be replsisei a Bdiii«» 

aisatioh proeess irith respeet to m interpuiel Itiawi aagle m 
stiggested ih (ia)» i# wm^rht hers that the lowest freqiuenej 
eeoors wh<Bi is etpil to tt <13 & iV), 

Ihe ^sD i^Oaie preblea C2«%) after flro:i^p&iig the 
Siiiffix i and with the tiae faetor Moved reduees to the 
gifimrayL rwii 

a Cl) - 11 ^ JhHlf®) Ca^di • 0 C2*8) 

where 

h* « h| e •*•••• 

« (2«p) 

where 

li|Cl^> represants tlie infliime fteietioiis glviai the defloe* 
tiea earve of the C« •*> 1 * 1 )^* spsa ^ i) wr ♦ 1 - 1 # a)^* 

epsa Cs < i) Whist a esae«itrated load is ai^lied to the s^* 
piael* 

lew onoe the inflame ftmeUea (dre^^s ftmetim) 

M • rum %• MmtmlnM »• »1U b. know. 
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'4% nm ttm pm^Xs m siioyn In Sig» (2)* 

%i8 wiXl ms In Ss&sTBlaiiig ths 3c *« !Elii8 l^mstlna 

Ic* hm of ms « g^tsr^ssd slmstie inflmsmos fvmttm 

srisXa^Ing Imtssml ti^Xsetiaci emnrs of Ui« oqplvmlSRt spaa 
Cianmtsd Isgr tbs aiai»sr sstm) ^ psai^ is iiti^«r m wij 
spsoisi fans of inflmsnss fron aH ottisr iKiimkls* fbs ecuesiitra* 
tm& XcmM In tlaia mass ors radial, and oeompgr tbs sons posltlQii 
rslstivs to saeit span iWt$* t>* 

Hms it onir rsooini to find ^ iwisrallssd Hiflmints 
fw^tloa It* and ^isn sodslnc tbs int^rml s^tios C2*8)* 

ai3(f loss of gsstoralit^ vs liiaXI rmm» tbs 
soofdinats srst^ as ▼ sad v (ivs* v iMing 
mssi for f ) and sSmil vorlc vitbin this tmem of trsnsforwid 
«o«»rdiiiats iorstsa bsnesfortb* 



cnmm m 


mUxkttm ot trmsi^mA int^rmX aq^ticn 
C2«S) first ostils f^ th® d%t«e^amtim «if Hit §mmmllwa& 
@rt8fi*8 ftsMtion ik*) for m stiftm&d nng and tlmt Hio soilicliQti 
of ma int«gr]il ttmlf to got ^ fpofsonor* 

A* Dotorniimtioii of tlio Oroso’o f^tioe 
for o C^roULo stiffsnod Eingi 

Hio 6fttOB*s fiinotioR fioMo &tM rmdM it&o^tatooooQt 

eoaipoiioiit ot oi^ voiiit on tiio stiffen!^ nag dm Mo m etmm^ 

tratod filial load at my point on my »ma» 4o mrnmm UmM 

Mho ring i» singlly snpportoi oo o^aaHr spanoi miiai anppor^ 

3%wso ooj^ports aro aostnod to prormt radial md twogontial 

doflaetion hok offar no rotational oonstrmint to kbo rtnn 

aogsi^t* Ho rosiane l^ro Hiat snr afiai^nla ia rmUd om^ in 

tlm donaSa of linoaritr kmmm primiple of anporpoaltlon Isolds* 

lot tno epolio stiff^sd rii^ ho oy radins 1 and 

oaeds spsai o^^oil to »1|« ^hm mm Mho spins is aotsd 

upon hy s oonesntratad load» tn@ doflooMoiis oi Mhio spaa 

indiios doflootiona in its noigl^mniii spmo will in 

tans iaflaounso t^Kir oMOm tiis radial mpp^rts^ 

nowsfor land to dam oat tdis iofloKieo aad oM m niffioiont 

nindisr of spaas swar fvnn tno loadsd span no api:rooia3tlo 
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mix ^9 fgomrrtdt tliis it 

laport'^t mA gliret ont of for toimng Hit 

roet;9rooii« rtlatioii to te lator. 

th9 ti^dliii of ttoli span of s^h & lo«is4 ring osn Ihi 
inrostigstsd W snpsrj^sing a solmtim for frml^ sii^S»ortsA 
ring stgiiQiit miAsf a eoneimtratsS Ic^ and a aolation itast a 
•ijBijUr ring s^ont tout by mtt aoeisnt at tbs sdgs* 

fbitt tbs 0rsmi*8 fmstim tmi‘ tbs ooepXets ring em bs isbtmiisA 
froa tbsss tm fnnda^isatt&l solutions as ^s prinoip X of msmr* 
position bolis* 

In mxt Ibrtbsr analysis 1 is tbs nonmi. mnslonsllsoA 
eiimnfmntial ooordtnats* tbs i spun of tim ri^ it dss* 
oribsil by 1 to tbs intsrral 1 $ ^ w to mm 

i±% 

sords X is a losal soordinats srston* 

dm ftsfins our Sisplaesasnt eoctrmnats i^sttn to tbs 
f oUwlng my 

. f«g«fittol toftostton 
• Bailal toflsetlon 

lbs sapsrssrlpt <i) liKitoatss that tbs point imisr eonsiista^ 
ti«m is to tbs spill* 

tbs ooniXsts sst of tbs bmniary oonditions fisf a 
•liffsnsd ring is a« folXoirs Clig*1) 

w^^^CO) m Q • Ca) 

m Q ^ Cb) 

W^^^{X|) m Q ^ is) 

• 0 «• (€> 


€3*1) 


n 


til* 

mteliiiig emM.t3Lm» at fili@ 1 spitB ar« gtrm 

as (Hg* t) 


,(144 )(g) 

g,tl*1) 

*l(1+I> 


(0) 



■4 » ..-. - (0) 

(4i(1*1))2 


A<*> 


(1^1 ) 


(3.2) 

(3.3) 

(3J>») 


to dstofains ttio &f«sB*s fimotisQ it trill t»s suffieisRt 
to find radial doflsotioo in tiM i^* spiii diis to a i»it 
eoiiosiitfatsd ladial IsmA aetitig on tli« 0^* spm at 1 « sxii 
^o doflsotiQii osB to g%vm as 

♦ 6j^0 lE(jCl^^^f)t) tSwJFJ 

idioro 

» Radial dofloetiai in i^* tmm at mgt 
Haoo 1^^^ mtmtwmriLp^ 1 is gifSB 

to ii»lioato tiiat tlio noB^^isiiOiislgitalisoA 
lNU?«aitor is ^iMiii its valoss in tiM i^* 
•faa> ^ to a wit eooeffiilimtsd radial load 

s 

OB ISto 0^* span at 1 « t • 

• MoMt on tto mmrnt* 

m. NMait OB m$ 1^* wifport* 





i» ddfloetioEi of a suppiorM 

ilBg s@gia«nt »| 1^^^ due to e laiit aonent 
eetiiHl &t 3. « 0* 

m fiidiel defleotlen & fFeeljr iupperted 
ring eigisttit «t due to e gelt ament 
ectlog at I s 3^« 

m Badiel of a f^eelj eas^^ted 

ling eegaent at dt» to a i«lt eone«i*» 

tneted fadlal Imd aetlog at X as ii* 
m iSroneeker deXta 

tHat is « 1 viien 1 « 0 

m 0 iflieii i il 0 

Zn egimtien C3«5) ^ limsidar|p eonditions (3«1a and 3«1e) mA 
tlie rnmoim eenditlm (3*2) are asitcmtieaUr satisfied as 
it| and Uq satisfy iaiiereistly. fhe flnaX m%mm 

e^MEiditioiis C3»3) tlm ecettSjBidl'l^ Oif slefe at tlie sapi^erts are 
satisfied %f fM&wiJtg misemtim if i ^ 0 m • 1 Cfig* 2), 

•,<0^,) - ■,(0,0) ♦ llO+’J • 0 <3^) 

■ 

S|C0^} m Eadial slope at l|,^t is at mo tad 
supping of a freelr sapported Hog ssfeent 
4m to a nait aoisent mUm et tns left tiani 
snppertjtiiat is i » 0* 


^13 



•|C0«0) « mm^X slops %%% m U mt loft hi^ 

msmoft of a frooly faKwtod ring oopEoat 
dao to a unit iio60ii& loting at 1 « lo 

at tbio loft bood siippoi^t iti^lf* 

^lailarly tbs eontiimitr of slope serosa Wm 0 ^* 
ant ^|at* giima the follewinf opatioiia roapoctlvelyi 


a|C^s^^ * a^COfO) 4» a<|(0|^l<|) '• i^(ii|gli)<i 0 

• C3.7> 


p# , 

•,( 0 , 1 ,) - •,( 0 , 0 ) ♦V°* •,( 0 , 1 ,) - tglojai m 0 

• (3.8) 


iibsre 

•0C3k|i^| m EMisl »X&p9 at 1 tt l^^Miat is at tlie mpt 

aappeet of a freely siipportad rti^ 

Mgaent da* to a imit eoiie«etrat*d railsl 
loixl aetini at 1 mh* 

(Xs> 
dl ~ 

m Hadial slop* at I K O^tliat la at tit* loft luPl 
laipport of a freeljr msppf^^^ rixig aapoiit 
dti* to a anit e«mwtrat«l radial load at 
1 ell* 

mfii ( 0 } 

41 

Bpation (3*4) i* a reearraro* relatioii l»*tw*«a msgr thrm adja* 
e«at saport araopl* of tli* stiff«k*4 rinf {oaettptiiif Itr 
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i tt 0 and *1 ) «(id X% is solvsd nndtr ttm fdlXQwii^; tifo uiSm 

(1) I < 1 f€ap % is 13 m 

aagnituie of tho srmpott mmmt Asersasss as 1 
insimsss. Or as a si^rdUaxT to tliis if 1 

iiCi)_j^ 0^ 

C2) Hmnti at tits ri^t supports slIX ts oonsi* 
AsrsA as a funetion of only and moss at 
isft Itsitd supports as a ftmotioa of K 
lodfir tlM sSmvs tso aids ofstditions iflticdi ars trm tits pttysieal 
rotpime^ts of stiffsnsd rings, ms i^tss of sipaUsns at 
(3«4, 3*7, and 3*8) ars soisad to gst ms mppwt ismmta* 

^aation (3»6> is sdivsd as fonows for i ^0 «id 
fc^ i ^ *1 Miwratsly* 

list m (3,7) 

tli^ s^tioa (3«i) ssa ts writtm as 

A S|C(»,1^) * 24 S,(0,0) ♦ A S^COii,) • 0 

or S|C0,l^) • t s^(0|^0) r ♦ s^C0,i^) • 0 

Ay 

SfCOt^) 

f m 

s^Co,i^) 




m 




^11 ('•IW.OJ 

m \ ♦ 


f *t<OtO) 


»l(0,0) 


^ 2 


&| ) J 




(3.11) 


'■^( 0 , 0 } 


"1 2 


Si<a^) J 




k-fH f&Pt^O 

^ . 1 ( 1 ) 

lie tmm 0 aa i -^cx» * 


fiettee ^ « 0 • tharef^sre 


H 


,Ct> 


^ { 


•iCOgii) 




Iqpatloii C3*12) §tw that r ' « 
Umm» 


; 1 “-} 


(3.12) 


\ S|tO»3^) 




*|C0»3^)J 


) 


(3.13) 


jL ^ 


luting « 1 ^ mA in t*** 


sapM imM.m m» elioee ve get 




. fticoto) r 

''•l<0*0) " 

I . 

• 1 r 

i J 

jl|(0|i3»l ) 

J 




C3*1»^) 


flila iM tmm e^eiliciiia iiaei^ 3«7t 3«dt 

3*13 cat 3*1^ and twm Isluif# aftHitiaRs and are 



ar« atm unioidiiii. 


tmt m €m9^m -JliMi. 


tiimFtm th9 untiiig. 


•t(0»0) 


1 

• t 


^ X t© 


of 



fating tli« valuas of frm CS-IJ) *«iA 

trm •isuU<» <3.1^) in n^nUoiu 3.7 and 3,8 *lw« 


•,(0,1^) I - a a,(0,0) ♦ *,< 04 ,) . , 

and 

X - a »|(0^0) ♦ «|C04^) a 

- {3*1i> 

SoMsi (3»15^ C3«16) •tnalgimoiiala’ givoa 



and 


■o(1^4>){ai(0^) I , a »,{0,0)}* agCOili} Z *y(0al,} 

{•,(0.1,) r , a .,(0,0)] ® - {.,(04,)} * 

- (3,17) 


/ *0^®*^^ ^*1^®*^^ 7-2 .,(0,0)]', .q(X,4) * 0,(84)) 

M' * "' « — — . 

{.,(04,) T - a .,(0,0)} ® - {•,(04,)} * 

^ C3**i8) 

ftam eiNsi^ataij datmima all ^ aamrt MMidis 
©f a aHf f anad ring im to a i»ii% ewmaatratad laiiaX load m 
tiM 9fmu fimm a^tian* aliall oontiima to liold ofoa 

Whan anidi ll| rmina flnito U9m lEo 

lioM good for ftaUf • iafiaito oontiiaioiio of otP^l opooi# 




#• of iofliimo Fisjcfeioei' for a 

Curad Bo» CCirmOar Ml 


far Icq and iQ 


mo imiaraS. option for oiirrod hmm Coinmlar) l« 

iivm iii 


1 1 j A 

<1® 


♦ * 


(3.19) 


nnm 


« ^ f 


1 m Ifodkmis of oXastioltar* 

X m itoBoiit of inorlia* 

If m HoMont at a wUonlar oroos • ooetiaEi. 
XlM tofidis^ wiB^t a^tioo for 0 < X ^ a and 
aro gtvm aa <fXi« %) a« foXlonat 


ajjMk 

< ^ ♦ * M > ■ - »!. B sia(l<l) 

(Bl,)S dl« 

aoi 


(3*20) 


8 X ^ A 

(B I,)® ax® 


♦ w 1^*J 


m 


[b^ b ain(i^i} - B am x^a . ■}J 

(3.21) 


roapoetiraS^* Cs) ia tiia poaitiao eo<snIiiia6a for Hio mut 
ocaaii^ratat taHaX Xoad on Hia beao# 


m Baaotioii at Soft tiaadl w^^MaX aa^port 
^ X|C1 » «) 


miiCX|> 


( 3 * 22 ) 



t5 


Sdltitlai Qf «qaati<a ( 3 * 20 ) gXrma 


(1 1|)^ r R 1 - 

tt m ^ '"g j y -f ^2 Slnd^l) » ^t i — .i. Co»(l.|l)j 


«tier« 81 b 1^(1 - a) 

’ einCl, ) 

imd Bqp&tioit (3,21) g±r@» 


- (3.23) 
(3.a.) 


"i 1 


» - » — J »3 0o»<l,l) + A Sind 1) - -i— 0o»d,l) 


•m — Cbs 1,|(X » a) j • (3*2^) 

2 J 

Tli« otmstants ^ ^ a^re avaXuatod trm tha 

faXlmrlng eon^tlonBt 


(3*21) 

and 


(l) V s 0 at X « 0 
( 11 ) V » 0 at 1 » 1 

(ill) V at B is tliM saas from e<|aatioii ( 3 * 20 ) and \ 
(It) HadlaX slope is tkm sme ttm •<|iiatloii ( 3 * 20 ) 


and ( 3 * 21 ) at s. 


Xliis glTes 

Jk^ m 0 


Ag » €osCX|a) SIhCX^b) ^ ^ 


2 X| J ^(1|B) 


4j 9 


2 


[.C».d,. 


Sia(X^«) 




(3.at} 

(3-27) 


(3.28) 




Th9r^at& 


ai»l 

m 


mm 


0«t(X|> ♦ ■r-«" C0i <t • a)l^ - CofCl )1— -1 
* ^ ^3 1 J Sjto( 


Sj|ii(l|) 

• C3.2f) 


r . c, i<i> ^ ^ 

II ^ — r » -.5 co.tt,i ) 


2 If 


] 


(3.30> 


for 0 ^ I'^'i It 
1*3 Co.Clfl^^ ♦ atoa^l‘‘^} - 


C, l<i> 


l(i) 


ifM im\ 1'*^ If I 

0(»iCl,l“ > -~ Cm If(i“'-^i) 


2 If 


2 3| 


- (3*31 ) 


tm % ^ 1 



(3*32} 

i 

to 3L(1 *H) 
2 l.| ^ 


- (3.33) 






*0 


T 1 


0(M(1,} * ._^ Cot <1 - b)^ - CmU.) 

2 1, 1^1 Jaanw,) 


(3.2») 


{Hl,)^r- 0, 1<1> {!) 

Tr“ *a — t : > 


2 1 , 


] 


(3.30) 


tar 0 f b 

■ "■ ' ^ ^ 1*3 Co«(l,l*‘^ ♦ . 


C, i<l) 


id) 


0 M i *\ 




a 3| 


• CS#3t ) 


tm li 




EB 1,)* 

2 Z 
(B !,)» r 


r , °i 1 

L * 2 i ,* J 


(3.32) 


f " L " *3 * V Oortl ,) •,-;- i , CMl ,) 


•"— ^ Sted,) ••T^CoB i,{i -fc) 1.— L_ aia 1,(1 -i,)] 

21, ’2 1,''^ 21,^ J 


<2 1 ,*) 

1 

a !ii| 
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aiMlwPly stoifeSJig ifitti fch® biKidHiig acxBsntt ** i nitt« i 
C3*t7^* tii« illiIsjMWttt Itowstturas jpsar % ttaipaap wipport^ x'lng 
8tg»Q»t mt«i& wm W % mX% at the mppcirt* art d«t«r* 

«iii^ at faUttfSt 


ii|Cr^ * 


in r 


U.jf— 

^ 2 Siii(X^> 


StoCy^O ( 1 Ctta(X| ) % -J 

"" t 3 iii(|^} *** a'sia^ci^) ataCl^ir ^ J 


- < 3 *») 


» 3- r 1 Slsd^ ) 




2 iiaCl^ ) 2 ain^il^) siad^ ) 


E l. - 
t-tO*©) • 

^ 1 1 Li 


1% A- I » ClHl(3L) I'litia.# -I 

MMMNWiWiP' I mmtMmmMrnmmmimmmimmmmm ^ aa t . I ^y| % 

I I L 2 1 | ^linCl^) 2 Sln(X^) J 


( 3 .^) 


CGt(X« ) 


Hit tvitmitttle finetions to a^PiitiQiit ( 3«30 to 3 ^ 3 $) 
art txtoa&ta to torn tot mmU» mA ttottog X| • 0 CX*a« 
n m<30t totE toat is ftoito) tot sqpiatiQiia fto 

ttoaiglit l»ssa <Krs totstoto tosis »Xm to® etmetotaui 

af C 3 * 3 ^ to 3 * 36 ) 

- .^^±^ . . ^ r %Ci) { m. ^,Ci)%2 1 1 

Ml -7 — -a > JJ 


f®r 0 :<X 




0.37) 
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(H 1,P p 1 

1 1 L 6 



• ll) 


<1 - 1«)^) 


- (1 - h) h)^ ] ] 


fi0C3M|fll) 


(R 1 

XI i 

(H I,)® 

I ^ — - - ir I nr : 

1 X 


t<3St 1 


ll <1 - ll) C2 - ll) 


1 

— H Cl ♦ ti) (1 ♦ h) 
8 


x,{i‘i>.0) - ‘lif 

’ 1X8 

& ll I 

««C0|^) m mm 

^ ^ S I ^ 


(1 » (a 


i(i), 


(3.36) 

(3.39) 

(3^0) 

{3JiH) 

(3J^a) 

(3A3> 


la^riiig 8«%«i«liittd aU. t^« inflxmc# and aapSKVt 

Wim tMaH MXmttm « mirre of apon 

(Hof, ofifttiaii 3*5) das Ini eiitaified eaoplotolj ttia fSlIoifiiii 
•fuvUofia for tlia riilife liaad spaiia and X«f% Imid spaas raapae« 


f or i ^ 0 

^(l)(^tt)^ h) . 11*°^ ^ »,(1^‘^0) - T 1,) } 

+ (3M) 


^ mum. M 41 

wm for *4 
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♦ 6 io M C3«*^> 

H*r«pfiiig fciek to o^pitioii C2*7> im in$* 3 ) tlTtag 
tli« itpmX^X qI^MiioS af%«r tr®i»fi»witiQiit IHo g«fi«pa» 

IXmX fanetiai l* oaa li« ofefealnaA m foUoifs br 

impbfiwpoiins lti« efftets of th« eoaoKitratod Xoadg and aspiagp^ 
ifig wll® troparfcf of Itia stlffonad rlsig, li«niig a tolal 
of an 1 apaaa 


It* . n<“^>[n,<iti>,o) 




1 , -J(i<S> 


- (3.>>6) 


ii0(i^ ib) 


fbSji eoai^ttalr dotafsinas iafluanaa fbaotiae 


for a gtiffaitad Uni* 



m 


4 :os 'T' 




FIG. 5 ILLUSTRATING THE PERMISSIBLE 'vA.lLES OF S 
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€* of tho SisiiatioQt 

0ol«fkiii*s BttiiQNi i» ii®®d fed soXt® fclio tntoprml. 
oipAtiqn (2*8) ond to isIiMb ISio isAulsw Hui 

oigiii tmiet%lm oi* tt# dioflootian limpo is tatoi %s tiui 
wt of stistioB (A2 • 5) Ci^ • Appwiaii n)* miss <13> 
liss dsHtoi thsis lluBiotions wueli ^lat itior Mitlitff sH tiui teoBO- 
^mef oimditiaas siso froe o^fostloii O^-l ) to sipatiQO (3^K 3lis 
•igm fmmtim mwmm& is 

« tt) . *, [f.(U ♦ c„ f,(1 - 1) ] (3>7) 

md it is oontlimoaSt iotsgi^Is aM oontiiiiigiislsp dlffsTsiitiaiils 
in tits mm of intwrsst* It^is giTss tts ijua^mwXmmX wihvmtlm 
aods ilispss of s stiffoosi flog* 
wtisx^ 

f^(i) « ilHli S (s): » asa S Cs)i • Sla SCs) * h (s)l 


stab 8(s) Cos SCs) • aiJtsCs) CoA SCs) 

SChI %*08 O * ' ' n i nr- --v-.r i , r--- i i , i 'i i -rv ;r ■- -rr- 

tliili &(•) - itnS(s) 


C3J^> 


S<iaatioii UM) is i^tsi m (fig* 5> s^ i*^s smioss of S(s) 
is ^taiasg sltiiw fsoo s^ticss (3M> wworissUar w fros 
(fig* 5) lor aisr mrUmJum mXm of <5* • 

If &(s) is m iotsg^ mX%lv3u$ ^ TT ^usi tbs mmxmA 

ttods Sbsps is tabui m 

n 


hU)x] 


(3.50) 
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i^wtn Coid* »(♦“!)* * 

M sen) « «7r 

©ie psir^feer 6Cg)* atpearing Hi th» vpan* 

tfiatt »0i^S| idU all paamira ia tba alim dalHiad 

iatarval as t!i« iliasa tx^isd wiss sssitiaiioiiair tern 0 ta 27T* 
timrm is m rssinatiQa <if ^ ia talcing an?' * i i* w (as is tba 
mm for fialtt of as t — i^oo ia oop eai^. 

PH&MiSi tlio assaasi aot« frm ofoaiioa CS«^7) 
iato iatigrskl sqaaftitao of iKiUoa (2*S) and applriag tlia 
ry:ilopMa*s »®^od# Itts f«dLloirl!i§ imtrix oq^aa^csi is arnrod ai 




(3.51 ) 


idiaro 


and 


•v* ■ 



<3.92) 

9 ( 1 ) ■ 

■ass oar salt ^ laagHi 



■ 

■ fy(l) ♦ Cos fjpd • 1) 


(3.93) 

®»a • 

, t(l)f,(l)lf li*(X,a> t(«) 

f^Ca) da] 

a 

J 

Iq ‘•'Jo 

(3.9^) 


wiiafw li^diK) is fiirsii t>r sqaatloa (3M) 

Spatisa (3.51 > is a olaarileal mm salaa w^lm 
and oiui fed solfad* SMls soaplslaly ^Irat ^ irSferaiioo p^lsn 
of a sliffiosd oyoli® riaf <m l»rfs Mte^ of wwris. 



2lt« t^isUoni in tli« pemimm «rt 

ttdtt pmwaSL mSL 0m Hit ewinU inititioiii fm- m s%irta«& 

Flni witli »nf nartjnr nf mumuttB tSmm lo* liiilLn MMng 

fm «iipp«n sottoatt 3«1t moA 3*^3 ^ eon* 

dltlon t&nt IlMi !«»««%■ at tti« fi^t Iwnd tnpporta art a tm&ttm 
©f only a®i tto^ at tt® iaft Iwad ioppwta aa a ftnetiao 
©f only 11^*^ ^ aaa aada naa ©f* *lHia tta «<jjiatl3a8 far Itoa mitt 
liand aiipswt wmm%s and to lafi feand aapport MMta aara 
©btalnai aat 

11 ^^^ • far i 0 

and 11^^^ » to t****^) 

raapaetlraly* 

Far a alrai^ taaii aitfe toiffty auwrtad aoda 

tad toa f taaaaaa a^al. t® -0*at8. 

a|(OtOl 

Wm a anrr«l iNm allii nixmm ara to rato of 


toraMt fnmar toa tot to a 0mm to* to ita aalna 



3 ^ 


govt dona •'^•33 a cli^mlar aro* Itm valjiA 

&t t go«« at Im# aa m luspoo’ldoii odT E^piatioit ¥*1 

«ad %,2» kaopsng in timr nia nmli^a of 1 gtn«a m» Immr 
MMM OB tfei# mai&mt of tapporia for a rMunaiiililo validity of 
%m aolmUcns «il}%aixiod ia t^o III* 

flio proioiit iimistigalioii giros iOo Bagoral ftNwponer 
for «af iatttfpaaol itoato aaglo* It 1# iatorostiiqE to aol« 
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APPMDIX I 


of Beduetlon Proeedoro 
to Ijxflnlto Degrees of freedoms 

Steaman (1^) has derired the e<iaatic»as for the flutter 

of ejoliiidnoal shell lanels* We present ttie same analysis 

modified for the ring problrai. 

The e(|uation of im>tion of a single span of a stiffened 

ring under free vibration conditicais is given in the form 

if(l) -JQ.^ J k(l^) iKm) dm * 0 (A1 - t) 

ifhere w(l) e** is the displacement at the point 1 and 
k(l»m} is t^e influ^ce function (Eef. l< 3 uation - 2«1 )« 

For B such Identical spans cyclically arranged at 
eqdal spacing over a circle takes the form of equation (2.H>) 
vhere jf is a eoluan matrix and ^ is a cireulant sqpiare 
matrix. 

fo i^rt^ the writing ve introduce the so called 
composition product of ^ and jg defined as foUovst 

U1-2) 

We again introduce the unitary element I such that 

I*X*X*I-X (A1 -3) 

idiere X ftmction ctxB^tible with the composition 

product definition* Bow {A1 - 1 ) can be written in the matrix 
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I • 4f * 0 
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iliKiff k i» a aatm. It t« avidtoit mat S. is 

aijo a ^iraiaaat satils* 

1 st as sanstta* ths ^tsfi^t aatrlx ? sum 
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-1 *2 

VA # ^ vAr ^ tl SI It tl ^ 




*t -2 «B 4 t 

slisxs c^f hm ths f sf m« a a^* xaots itf tnitr i*®# 


C 4 i* 6 ) 


c*Jf« * ^^^^1 {f«r 0 * 1 , 2 ^ •••, a-l) ( 4 Vf) 

I • (*1# 
so mat 6 ir « t 

rss|.|mal. ®f 2 is givsii as 
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F « Z 
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#•*»«»•« 
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o 


a 

0 


a a 

"I »•••••«**« ^awf 


•••• ••*•••»*• 


cor 


S-l f 
fi C*J « 


ll»1 

••••*•••* ^0-1 


Mm it ««it %9 wmiSM tif imltlpXieatlaii 


(4l*» 8) 


F4 F mB 


(41» p) 


i^«m J is mttnx. tli^ B is a. itisf anal natrlx* 

M n^Lmm j| sM S ralatai W * eoUiJMtavr transfor* 
aatian^ tlis «ii©8i 'Valaaas of 4 mA B ars ICUmtiiial* 

fha rsdiaeiioii of a eiroolaiit Maraitiaat 4 iiifeo a 
oonstiiit aaltifSlo of B vas first smmsmvA witliGKit proof 
H^apottiiiioods in 18^3* ^ Sroof W m^ea of tbo altsraant 
dotandjowot 9 Is givan 4. Cranoaa Cl85^) attrlBotos 
tBo iroof to MoseiKl* 

It OiO bo fbrUier bf aeteil asiltiidtoatiaii btst 


ii • • jf) - <11 • p • i 

mOm fyyip 

FI ♦ f «B • F J 


(41* 10) 
(41* 11) 


vboro jl^lfii) is a diagoBai satrla of iibiob ^o olsasnt 

m Wm prUKtifai diagonal is 
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^<x^) ♦ \.,<1.-) 


■0 m m m 


+.ar 


-n+l 




#9f 

BC<^3[; ) « B| ♦ 1% 0*^^ ♦ ^ 

80 it Bgr toifeliHiii Ca » f ) to CA « 11 ) it mm Bo tAxm Utat 


fl* (S*w)»B*j »0 (AW 13 ) 

wlim p m P ■'* w 

It ei» Bo ^Knm tBot ^i« oigoit omlito prBBloos 
1 • V « 0 «ai B ♦ l» » 0 «ro oaaplotolj •tpioftlnt* 

^tus tli« oriior oocipX^ olgon 'fftltto p*dbX0i5 1« 
irodoeoA into •olwiiig a aneou^ed prtiBioas of o^valonl 
pmmlm 



A^mSiU IZ 


ipwwii* m^m VamUmm tmt ^ 
tmtMm of mvtfmvi. itngsi 

tlm ilffMcitittl •fEMtioe of for » ectiliiiiioat 

litiii of oqpHa tiNuui it fivoii at 

^ "* « 0 I i » CiS • 1) 

J 63* % 

iritib ^ %!»• IMor #** r^ofvod* 

pQi* a JfWf • laliiiiit h9m ^ 9ttmX ttwui wHH Wm 
t&Xijmixm otm^utett 

m m 0 Ci2 • 2]l 

• i ?te^ i |i i j (I) (42 « 3) 

, . (0) , j&4£r t1) lt£ -\i 

ilit g«B«rtI aolatioa to •qpatios (42 • 1) tiii^ aatltfiot til 
Hit l9otmSa27 OQiiiiM.<iit (12 * 2 to 42 * lita totft ioUtti 
Kllot (II) to to 

m^Hl} m f,a) ♦ f,{l - 1) . jj 

^090 fgCI) « iiidi BCt) Ma SCt)l * sta &(•> iii^ 8(t)l (42 * t) 



(A2 • 7) 


Cm6m 8H8| €>^t? 

mm 6(9) • siiisCs) 

Xf 6 is i»i Intsfsr mltipis of TTHiiii option (a2 « 5) 
boocnss to avoid iiidetofiiiinao 7 « it is fcami 

to trsat ssparatslj aodss tliat ars idwittoai 
to singlo 9pm hom vis* 

m ain SCs)l. more Hin S(s) m 0 (A2 * S) 

fliit is also a solutioa to (A2 • 1 ) and satisflsi all tim 
hmmAary eooiitioos (JkZ - 2 to A2 • hh 

HostoflfiiS tils tias faotcsr »oltiti«n 

CiS •* 5) foproawits a mstm^rnmo travsHiog in Hio ssfativo 
or oositivs 1 mrmtS.m as <5* is positivs or nsgativo rss|ise<* 
tivsijr* 

tto savs IsogHi of tts iistitztNUieii is giimi Of 2 Tn/^ 
whom t ts tlis 9ma l«is^ sisl it is intsgrmllr rslatsi to 
i» mUy mm 6 ig m Intsisr aoltipls of ^ • Sis il»kss 
vsloeitar is givm W 

Ss tlis 99 m of stiffsosi rii^s m laifs maiitsr of 
siipp^s ^ iaHjtitiiisss of i roplso«i tlis nsaal oarolio 
toosiiarf 4»)Qiitioii of olosurs rofpirsA on a fOU ring mtn 
oKaSl weamm of su'.roorta* tees tlis tbote sfstos o€ s^iatiQiig 
gm to msoi ifitnoi^ sm ioss of gmxali^ as te spoaifisa 
Hgio ItelieB for te stiffened riiigstsitli»llis soitela 
etirviliiHKir oiKaiiljiistos* 



sPMtnai of fT9^mml99 f<^ t^o alionre irotflK 
li%8 8 filt«P 31JCO eharictsr, h93Ln$ mmdm up of dloorofeo t»aa^ 
wi«i » low out off. m®8« froqii^iciof pito fean^t lio opao- 
xlm%«lr In ^ iotonraX 

#A^ SCiXCi-i#) •*• 2 €•1)*^^ > 

02 * 10) 

in oqpmUQKi (42 « 5) i8 mo piooo mgU huimm 
two oaiooont tfOano and luis tt&m plotted in fig. 5 ^ oqptotiiMi 
(42 • 7 >. 



